Appendix 1: Root Growth and Gravitropism Laboratory Preparation Sheet
Objective To teach students a fun way to observe root growth and gravitropism by creating a timelapse movie.
Student Background Preparation:
Assign readings concerning seedling morphology, growth and gravitropism from the text or other sources; or have students find sources of information to use for class preparation.
Curriculum Considerations
Depending on your goals and resources, you can alter the exercise to study factors that affect root growth with a goal to have students develop hypotheses to test. This could also be used as a small class project. Materials 1. Clear plastic cups (2 for each set-up). 2. Dark cotton fabric or brown paper towels cut into strips slightly smaller than the width of the cup. 3. Small seeds such as radish. 4. Props for stop-action practice session (e.g. Lego people or other lab materials that might make an interesting film). 5. Ruler to use for calibrating the images. Germination Procedure 1. Cut or punch 2 holes in the bottom of one cup. 2. Moisten the fabric with water and place it around the cup with the holes. 3. Holding the cup with the fabric on its side, place a couple of seeds on the fabric about 1 inch from the top. 4. Gently place the cup with the seeds into the other cup. Once the cups are nested the seeds should remain in place. 5. Add water to the center cup so that there is enough water to touch the bottom of the fabric. This will keep the seedling moist as it grows. 6. Allow the seeds to take up water overnight. Note: Radish seeds may germinate in less than one day. 7. Example images are provided in Figure 1 .
Camera Set-Up
Prepare an area for the computer with a webcam, tri-fold board background, and light source in a location than can remain undisturbed for a period of time. Depending on time and resource constraints you may opt to select 1-2 of the student's video designs (i.e., different capture timing or set-up variations) to run for this part of the lab. Or, student teams could sign up for a timeslot for using the camera set-up throughout the week.
During the lab session, students can practice using the camera. Each team of students will take 5-10 shots using the props available at the camera set-up. The shots from all teams will be compiled into a class stop-action movie. 
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Root Growth and Gravitropism Session One: Video Design and Image Capture
Introduction Review your textbook in order to discuss the following questions about plant growth and gravitropism with your team members. Additionally, find one to three articles other than the textbook that would contribute to the discussion and help you with the video design section of the lab. Each team member should present the information they acquired about root growth to answer the following questions.
1. How are roots adapted for their function?
2. What specific structures are adapted to optimize water uptake in roots. 6. Provide other references you used to find this information.
Design Parameters for Root Growth Video
Radish seedlings will be used to demonstrate root growth. Observe the images of radish root growth. Use this information and your background preparation to provide the following video design information. Once your instructor has approved your design, sign up for a time slot to use the camera to obtain images for the next lab.
Seedling Preparation
Based on the stage you need to begin imaging, determine the time that you should begin growing the seedlings using the following steps:
1. Obtain 2 plastic cups.
2. Cut or punch 2 holes in the bottom of one cup.
3. Moisten the fabric with water and place it around the cup with the holes.
4. Holding the cup on its side, place a couple of seeds on the fabric about 1 inch from the top 5. Gently place the cup with the seeds into the other cup. Once the 2 cups are nested together, the seeds should stay in place, and you can set the cups upright.
6. Add water to the center cup so that there is enough water to touch the bottom of the fabric. This will keep the seedling moist as it grows.
Image Capture Practice 4. A "Sequence Options" pop-up window will open. Select "use virtual stack" and "sort names numerically". a. All of the images will be collected in a stack that you can view as a video.
5. Select and crop the same area of each image, a. Select the "Rectangle" tool in the ImageJ toolbar, b. Draw a rectangle around the section of the images you wish to isolate, and c. Press "Control + Shift + X" or under the Image Tab in the ImageJ toolbar, select crop.
6. Save the stack of images as a movie. a. File > Save As > AVI b. A pop-up window will allow you to save the type of image file and compression, and also allow you to adjust the frames per second (fps). The default is 7 fps. Typically, 1 fps is used for time-lapse videos of plant growth. Select JPEG for compression.
ImageJ: Saving an Image Sequence
Once you are done editing in the virtual stack, you can save all the images in the sequence. 
